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Abstract:  
 
The Body Mass Index (BMI) has been used worldwide as an indicator of fatness.  
However the universal cut-off points by the World Health Organization (WHO) 
classification may not be appropriate for every ethnic groups when consider its 
relationship with their actual total body fatness (%BF).  Thus application of 
population-specific classification to assess BMI is important. 
 
Ethnic difference in the BMI-%BF relationship between 45 Japanese and 42 
Australian-Caucasian males were assessed by 1) Whole body dual energy x-ray 
absorptiometry (DXA) scan and 2) anthropometry using a standard protocol.   
 
Japanese males had significantly (p<0.05) greater %BF at given BMI values than 
Australian males.  In relation to their %BF that corresponded with BMI values, the 
newly proposed Asia-Pacific BMI classification of BMI ≤ 23 as overweight and ≤ 25 
as obese may better assess the level of obesity that is associated increased health risk 
among Japanese living in Australia.  In order to clarify the current finding, further 
studies that compare the relationship across Japanese living in different countries are 
recommended.   
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 TEXT: 
Introduction 
 
The Body Mass Index (BMI), a body composition index with the equation of 
weight/height2, is in widespread use around the world as an indicator of fatness and to 
clinically assess obesity.  This wide acceptance has been due to its simplicity and high 
specificity in screening for total body fatness (%Body Fat; %BF)(1).  However a 
number of studies have indicated limitations for its use.   Lengths of legs or trunk in 
relation to the stature can easily affect BMI and also BMI cannot differentiate body 
composition itself, such as fat mass (FM) and fat-free mass (FFM), of subjects (2-4).  
Consequently BMI can be large for those with short legs in proportion to their height 
and for those with high muscularity.  Consideration of these limitations are important 
in the setting where comparing BMI values obtained across range of different ethnic 
groups, because their body proportion and body build are often different to each other 
(5). 
 
Previous cross-ethnic studies that examined the BMI-%BF relationship in respect to age, 
gender and ethnicity have reported that Asians tend to possess greater %BF than 
Caucasians at the same BMI values (6-10) and also reported that Asians have higher 
health morbidities at lower BMI values than Caucasians (11-15).  From these findings, 
although the universal BMI classification proposed by the World Health Organization 
(WHO) was designed to allow comparison across ethnic groups, there is a need to 
develop population-specific BMI classifications according to examining ethnic groups 
to allow BMI to be used as a better indicator of fatness (16-18).   
Currently, three difference BMI classifications are available for Japanese to compare 
their BMI with.  They are 1) the universal classification by the WHO, 2) Japanese 
specific classification proposed by Japan Society for the Study of Obesity (JSSO), and 
newly proposed Asia-Pacific classification (17, 19).  In comparison to WHO universal 
classification, Japanese-specific classification, or JSSO classification, has erased a 
category of “Overweight” at which WHO classification has in BMI range of 25-29.9 
and replaced it with “Obese I” category instead.  The Asia-Pacific classification 
however, proposed a new cut-off point for “Overweight (at risk)” at BMI range of 
23-24.9.  The JSSO classification was determined from a risk of developing 
obesity-related health problems rather than actual body composition itself and also it 
was defined based on study results of group whose mean age was above 50 (19).  
Consequently, there is a question how well this classification matches with the actual 
level of obesity of young Japanese males which obtained from body composition 
assessment methods.  In comparison, while the Asia-pacific classification 
acknowledged ethnic differences in BMI and its relationships with %BF and health 
morbidities, further clarification for its suitability to Asian population has been 
recommended.   
 
For this reason the current study was undertaken to 1) examine ethnic differences in the 
BMI-%BF relationship between young Japanese and Australian males and 2) to indicate 
appropriate BMI classification that reflects %BF for Japanese living in Australia using 
dual energy x-ray absorptiometry (DXA) and standardized anthropometric 
measurements. 
 
Subjects 
 
Body composition profile was obtained from 45 Japanese and 42 Australian-Caucasian 
healthy males, aged between 18 and 40 years old who lived in Perth, Western Australia.  
The inclusion criteria for Japanese subjects were holding Japanese nationality and also 
recognized themselves to be of Asian background.  Australian subjects were included 
if they identified themselves as Australian and recognized themselves as “Caucasian” 
(Europid) ethnic background, rather than Asian, Hispanic, Black or Aboriginal/Tore 
Strait Islanders.  Japanese subjects were recruited through the Japanese communities in 
Perth including language schools and tertiary educational institutions.  Australian 
subjects were mainly students of Curtin University of Technology and the University of 
Western Australia.   
 
Method 
 
The study was approved by Human Research Ethics Committee of Curtin University of 
Technology and adhered to the principles of medical research established by the 
National Health and Medical Research Council (20).  Information about the project 
was provided to each potential participant and they were asked to sign a consent form.  
After signed informed consent was collected from each subject they were asked to 
undergo anthropometric assessment and a whole body DXA scan.    
 
Anthropometry was conducted using the International Society for an Advancement of 
Kinanthropometry (ISAK) protocol (21).  Measurements include stature, body mass, 
eight skinfolds (triceps, subscapular, biceps, iliac crest, supraspinale, abdominal, front 
thigh and medial calf), five girths (relaxed and flexed arms, waist, gluteal and maximum 
calf) and two bone breadths (humerus and femur).  All subjects were asked to wear 
light clothing, such as shorts and T-shirt and stature and body mass were measured 
without shoes.  Technical Error of Measurement (TEM) of anthropometric 
measurements was within the range of intra-tester error for a Level 3 anthropometrist 
(within 5% for skinfolds and within 1% for other measurements) as recommended by 
ISAK (22).  From this data, the sum of eight skinfolds, BMI and WHR (Waist to Hip 
Ratio) were calculated.  In order to adjust ethnic differences in body size such as 
stature, a height-corrected sum of skinfolds was calculated using the equation: 
 
V corrected = V x (170.18/Ht)  
 
Where V = obtained value, V corrected = Corrected value and Ht = obtained stature (cm) 
 
In addition, %BF was predicted by a combination of Durnin and Womersley body 
density prediction equation (23) and Siri’s %BF prediction equation (1961, cited in 
(24)). 
 
Whole body DXA scan was conducted using Hologic® QDR-2000 (version.5.73) at Sir 
Charles Gairdner Hospital to obtain %BF and total bone density (TBD).  The subjects 
completed the DXA scan within two weeks of their assessment by anthropometry.  
Prior to the scan the subjects had their stature and body mass re-measured.  If subjects’ 
body mass was different by more than a kilogram between the two sessions, another set 
of skinfolds values were taken.  To assess Limit of Agreement, Bland and Altman plot 
was conducted (25).  All data analysis was undertaken using the SPSS® statistical 
package for Windows (version.10.0, 1999; SPSS Inc, Chicago).   
 
Results 
 
Table One shows results of body composition assessments.  Australian-Caucasian males were 
significantly (p<0.05) taller, heavier and have greater TBD than Japanese counterpart.  While 
the mean BMI of the two groups differed significantly, their estimated %BF from both body 
composition assessments, WHR and height-corrected sum of eight skinfolds were not 
significantly different. 
 Bland and Altman plot showed a very close agreement between the results obtained 
from DXA and those from anthropometry for both study groups (Figure 1).  A vast 
majority of subjects were within the expected agreement ranges yet one subject from 
each group who were outside of the limit.  To avoid possible errors, these subjects 
were excluded from further analysis.  Relatively strong correlations between results 
obtained from each method regardless of ethnicity (0.867 for Japanese and 0.865 for 
Australian males, p<0.01 for both groups) reflect this close agreement.     
 
Using BMI as an independent variable and %BF as a dependent variable, a multiple 
regression analysis was conducted to determine ethnic difference in BMI-%BF 
relationship and “best fit” prediction equations for %BF.  A significant (p<0.05) ethnic 
difference in the relationship was obtained (Figure 2).  Japanese males have 
greater %BF than Australian-Caucasian males at any given BMI values.  
Estimated %BF prediction equations using either body composition assessment methods 
were listed in Table Two. 
 
Above prediction equations were used to estimate %BF values at their BMI of 20, 25, 
and 30, which are average, overweight and obese cut-off points under WHO 
classifications (Table Three).  The results showed Japanese males have greater total 
body fatness than Australians at each BMI cut-off point.  In order to assess an 
equivalent BMI level, which reflects same level of fatness as Australian-Caucasian 
males have in their BMI values of overweight and obese, %BF values of 18.7 and 26.3 
(18.8 and 25.8 for anthropometry equation) were entered into the prediction equation 
obtained from DXA results.  The results indicated that Japanese males have an 
equivalent proportion of %BF with Australian counterpart at BMI values of 23.4 and 
28.2 respectively (Table Four).  These values were 1.6 and 1.8 units lower BMI values 
than the WHO classification, which was based on Caucasian data.  
 
To indicate appropriate BMI classification that reflects body composition of Japanese 
males living in Australia, specificity and sensitivity at different BMI cut-off points were 
assessed (Table Five).  When used BMI of 25 as a cut-off point for at risk Japanese 
males showed only 20% of those who have considerable amount of %BF were detected 
as obese and 80% of those who possessed %BF of greater than 20 had BMI of under 25.  
In contrast, the table using BMI of 23 as a cut-off point for at risk showed coverage of 
70% of those with %BF greater than 20%.  For Australians, sensitivity of detecting 
individuals with high %BF also increased when a cut-off point of 23 was used.  
However, at the same time, a proportion of false positive who have %BF below 20% 
but classified as at risk was also increased from 11.8 to 38.2.     
 
Discussion 
 
The current study assessed the differences in body composition and relationships with 
BMI cut-off points between young Japanese and Australian-Caucasian males living in 
Australia.  The study confirmed a significant ethnic difference in frame size, such as 
stature and body mass, and total bone density.  While Australians have significantly 
greater mean BMI, their %BF estimations from both body composition assessment 
methods (ie; anthropometry and DXA), height-corrected sum of eight skinfolds 
obtained from anthropometry, and WHR were not significantly different between ethnic 
groups.   
 
Although there was no ethnic difference in mean %BF values, significant ethnic 
difference in BMI-%BF relationship was observed.  Japanese males showed a 
greater %BF than Australian-Caucasian males at any given BMI values.  These results 
were consistent with previous studies using older Japanese subjects and other 
cross-ethnic studies stating Asians have higher total body fatness than Caucasians at 
significantly lower or at equivalent BMI values (9, 26).  The current study therefore 
suggests that young Japanese males living in Australia follow a similar trend for 
BMI-%BF relationship as older Japanese males or other Asian populations.   
 
From the prediction equations it was found that Japanese would possess more than 20% 
of total body fat at the BMI cut-off point of 25 whilst Australian-Caucasian males still 
remained within “Average” total body fatness for males (10-20%) at the same cut-off 
point.  BMI cut-off points for Japanese, which provide equivalent proportion of %BF 
to Australian-Caucasian group, were estimated to be 1.6 to 1.8 units below the universal 
cut-off points for overweight and obese classified by the WHO.  This result also 
reinforced a need of ethnic or population-specific classifications that reflect body 
composition of study group in order to apply BMI as a better health index.   
 
Among BMI classifications that are available for Japanese population to compare their 
BMI with, both WHO and JSSO classifications which used BMI of 25 as a cut-off point 
for either “Overweight” or “Obese” may not precisely reflects body composition of 
young Japanese males.  This was illustrated by only 20% of Japanese males with 
high %BF above 20 were detected as “Obese” and rest of them were in fact possessed 
BMI below 25.  This result may indicate a potential of presence of what so called 
“hidden obesity” or “masked obesity” among Japanese males.  Individuals with 
“masked obesity” appear thin but possesses large amount of body fat and although its 
presence among young Japanese females has been suggested (27), no study that 
reported a presence of the phenomenon among young Japanese males.  From the 
findings of the current study, an application of BMI value of 23 as a cut-off point of “at 
risk” group by the Asia-Pacific classification, may be more appropriate to detect 
overweight or obese status than other classifications for young Japanese males living in 
Australia. 
 
There are a few limitations that need to be considered.  As these Japanese in the 
current study were relatively small sample size and also they cannot be generalized 
with those living in Japan, unless their similarity in physical characteristics were 
confirmed.  Thus future studies should obtain larger sample data from Japan and 
compare it with those living in foreign countries to determine any difference in body 
composition or BMI-%BF relationships between groups living in different countries.  
At the same time, it is also recommended to conduct studies with both genders and 
comparison of subgroups that divided by duration of stay in foreign countries to 
examine differences in BMI-%BF relationships between gender and the impact of 
environment or cultural variables to the relationship.   
 
The current study provides further evidence of ethnic differences in body composition 
and BMI-%BF relationships between Asians and Caucasians.  As Japanese had 
greater %BF at any given BMI than Australians, an application of universal BMI 
cut-off points in cross-ethnic studies may underestimate the actual fatness of Asian 
populations.  The current study has indicated that not only the WHO classification, but 
also Japanese specific classification by JSSO may not reflect the actual body 
composition of Japanese males living in Australia.  In order to use BMI as an indicator 
of fatness for each assessing population, a classification that reflects body composition 
of assessing population is essential.  For Japanese living in Australia, the Asia-Pacific 
classification that reflects their body composition is the most appropriate BMI 
classification to assess their health status. 
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 Tables: 
Table 1. Results of body composition assessment and demographic information 
 
 Japanese (n =45) ± SD Australian (n =42) ± SD 
Age (Years) 24.29 ± 5.48 22.62 ± 5.32 
Stature (cm) 171.57 ± 5.79 180.08 ± 7.86* 
Body mass (kg) 62.61 ± 9.62 74.50 ± 9.60* 
Body Mass Index (kg/m2) 21.28 ± 2.31 22.95 ± 2.54* 
Waist Hip Ratio 0.81 ± 0.04 0.81 ± 0.04 
Total Bone Density (TBD) (g/cm2) 1.10 ± 0.08 1.17 ± 0.09* 
% Body Fat by DEXA (%) 15.70 ± 5.61 15.87 ± 6.19 
% Body Fat by anthropometry (%) 15.70 ± 4.64 16.04 ± 4.95 
Ht-corrected skinfolds sum (mm) 73.18 ± 28.72 78.49 ± 32.75 
* Significant at 0.05 levels. 
 Table 2. Prediction equations for %BF 
 
 Dependent variable Equation R2 SEE 
Japanese     
 %BF from DXA y = -18.357 + 1.586*BMI 0.513 3.65 
 
%BF from 
anthropometry y = -16.106 + 1.491*BMI 
 
0.566 
 
3.08 
Australian     
 %BF from DXA y = -19.274 + 1.520*BMI 0.444 4.36 
 
%BF from 
anthropometry y = -16.336 + 1.406*BMI 
 
0.548 
 
3.27 
 Table 3. Estimated %BF at BMI cut-off points  
 
BMI 
(kg/m2) 
%BF from DXA     
equation (%) 
%BF from Anthropometry 
equation  (%) 
Japanese Australian Japanese Australian 
20 13.4 11.1 13.7 11.8 
25 21.3 18.7 21.2 18.8 
30 29.2 26.3 28.6 25.8 
 
 
 
Table 4. Estimated BMI cut-off points for Japanese males with equivalent %BF with 
Australian-Caucasian males  
 
BMI cut-off points 
(WHO Classification) 
Japanese males 
BMI estimation using 
DXA equation  
(Estimated-WHO value)
BMI estimation using 
Anthropometry equation
(Estimated-WHO value)
25 (Overweight) 23.4 (-1.6) 23.4 (-1.6) 
30 (Obese) 28.2 (-1.8) 28.2 (-1.8) 
 
 Table 5. Sensitivity and Specificity at different BMI cut-off points in relation to %BF 
obtained from DXA scan 
 
BMI 
%BF by DXA 
Japanese (%) Australian (%) 
< 20 20 < < 20 20 < 
< 25 100 80 88.2 42.9 
25 < 0 20 11.8 57.1 
< 23 100 30 61.8 14.3 
23 < 0 70 38.2 85.7 
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Figure 1. Difference in estimated %BF values between body composition 
assessment methods.   
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Figure 2. Ethnic differences in %BF-BMI relationship using DXA scan results.   
 
  
Legends: 
 
Figure 1. Associations in estimated %BF values between body composition 
assessment methods.   
Bland and Altman plot was conducted to examine the Limit of Agreement.  Both study 
groups have showed a very close agreement of -0.00065 ± 5.88 (-5.88, 5.88) with 
SE=0.44 for Japanese and -0.17 ± 6.08 (-6.28, 5.91) with SE=0.47 for 
Australian-Caucasian males.  Correlations between body composition assessment 
methods (Anthropometry and DXA scan) were also high (0.867 for Japanese and 0.865 
for Australian males).   
 
  
Figure 2. Ethnic differences in %BF-BMI relationship using DXA scan results.  
Japanese males showed significantly (P<0.05) greater amount of %BF at any given 
BMI point in comparison with Australian-Caucasian males.    
 
